A 60-year-old man was diagnosed with psoriasis 4 years ago. Treatment with adalimumab (a monoclonal anti-TNF-α antibody) became ineffective 1 year ago, and proteinuria and urinary occult blood were detected. Treatment with topical medicine, ultraviolet therapy, and etretinate resulted in remission of psoriasis, and proteinuria and hematuria also improved. For maintenance of remission, treatment with secukinumab (a human anti-interleukin-17A monoclonal antibody) was initiated. After the induction phase, treatment was changed from once a week to once every 4 weeks. After 5 months, he developed nephritis with kidney dysfunction, hematuria, and severe proteinuria (14 g/g Cr) accompanied by pitting edema. After admission, treatment with secukinumab was continued. Kidney biopsy revealed IgA nephropathy with fibrocellular crescents, and immunofluorescence analysis did not detect galactose-deficient IgA1. With these findings, he was diagnosed as secondary IgA nephropathy associated with psoriasis. Tonsillectomy followed by steroid pulse therapy prevented proteinuria and kidney function. In this case, treatment of refractory psoriasis with secukinumab and tonsillectomy was effective, leading to remission of relapsing secondary IgA nephropathy. Therefore, secukinumab might play an immunological role in the treatment of nephropathy.
Introduction
Psoriasis is an autoimmune-related disease that is characterized by chronic inflammation [1] . A common treatment for psoriasis is topical therapy, such as steroid ointment or systemic immunosuppressive drugs. Psoriasis is also known to be associated with kidney dysfunction. It is reported that defects in T cell function or increased immune complexes play a role [2] , and the association between this activity and increased risk for kidney disease has also been reported [3] . Inflammatory diseases, such as psoriasis, are exacerbating factors of IgA nephropathy [4] . In recent years, biological drugs, such as adalimumab or secukinumab, have been reported to be effective for the treatment of resistant cases [5, 6] ; however, the association between biologics treatment and the clinical course of nephritis has rarely been reported. Moreover, the underlying mechanisms of kidney injury in psoriasis remain unclear. Here, we describe the case with psoriasis who developed secondary IgA nephropathy during treatment with secukinumab and discuss some potential underlying relationships.
Case presentation
A 60-year-old man was diagnosed with psoriasis 4 years ago. Treatment was initiated with steroid ointment, but his psoriasis did not improve. His psoriasis area and severity index (PASI, range 0-72) score was 40. Treatment with adalimumab, a monoclonal anti-TNF-α antibody, was initiated, and psoriasis improved with treatment. The patient developed hypertension, and antihypertensive drugs including angiotensin II receptor blockers were started.
Although the psoriasis was well controlled for 3 years, it relapsed (month 0). The patient's PASI score was 40 (Fig. 1) . Symptoms of peripheral edema, fever, anorexia, and difficulty walking arose. The patient was hospitalized and diagnosed with secondary failure of adalimumab. He also developed nephritis with severe kidney dysfunction [estimated glomerular filtration rate (eGFR) 26 mL/ min/1.73 m 2 ], proteinuria, and hematuria. Adalimumab was discontinued, and treatment with a steroid ointment, ultraviolet therapy, etretinate, and systemic antibiotics was started. The psoriasis improved and the patient's PASI score was 2.8 ( Fig. 1) . Treatment with secukinumab, a human monoclonal antibody for interleukin (IL)-17A, was introduced to maintain remission. As psoriasis improved, nephritis improved gradually, and remission was achieved in a few weeks (Fig. 2) . The patient was in remission with treatment of secukinumab and was regularly followed up in our outpatient clinic. After the induction phase, treatment with an injection of secukinumab changed from once a week to once every 4 weeks.
Five months later (month 6), pitting edema in the lower legs appeared and worsened. The patient was diagnosed with nephrotic syndrome and admitted to our hospital for further investigation. On admission, his height was 164.8 cm and weight was 74.9 kg, which increased by 13 kg within 5 months. A CT scan demonstrated an increased visceral fat. His waist circumference was 92 cm. The patient had hypertension and dyslipidemia and he met the diagnostic criteria for metabolic syndrome.
The patient's blood pressure, heart rate, and body temperature were 134/76 mmHg, 75 bpm, and 36.4 °C, respectively. A mild psoriasis lesion was observed in the extensor surfaces of extremities. Laboratory data were as follows: proteinuria, 7.2 g/g Cr; hematuria, 3+; red blood cell casts, 1+; hemoglobin level, 14.8 g/dL; BUN, 18 mg/dL; serum Cr level, 1.15 mg/dL; eGFR, 49.8 mL/min/1.73 m 2 ; total protein level, 5.9 g/dL; serum albumin level, 3.2 g/dL; Treatment continued with secukinumab and telmisartan, an angiotensin II receptor blocker. After 1 week on a sodium-restricted diet with bed rest, his blood pressure was under control, and proteinuria decreased gradually. Psoriasis also showed improvement. Hematuria and red blood cell casts persisted, even after the improvement of nephrotic syndrome. Kidney dysfunction with eGFR < 50 mL/min/1.73 m 2 remained. To identify the cause of nephritis, kidney biopsy was performed on the 14 th day after admission.
Light microscopy showed 14 glomeruli: two showed global sclerosis, four showed fibrocellular crescents, and two showed cellular crescents (Fig. 3) . GBM thickening was not obvious. Diffuse mesangial hypercellularity and focal Bowman's capsule adhesion were observed. Focal infiltration of lymphocytes was observed in the interstitial tissue, which accompanied mild fibrosis and tubular atrophy. Neutrophils and eosinophils were not found. No hyaline changes or fibrinoid necrosis was observed in arterioles. Immunofluorescence studies showed mesangial deposition of IgA, IgM, and β1c. Immunofluorescence analysis with KM55 monoclonal antibody [7] did not detect galactose-deficient IgA1 (GdIgA1) (Fig. 4) . Electron microscopy showed electron dense deposits in the mesangial lesion. Based on these findings and the clinical course, we diagnosed the patient with secondary IgA nephropathy associated with psoriasis. Tonsillectomy followed by steroid pulse therapy was performed for the treatment of IgA nephropathy as well as psoriasis.
Proteinuria and edema improved after bed rest with continuation of treatment with secukinumab and telmisartan. After treatment, proteinuria, kidney function, and hematuria all improved, and remission of psoriasis was maintained. 
Discussion
We describe the case of a 60-year-old man with remission of secondary IgA nephropathy during the course of psoriasis treatment with secukinumab, a human monoclonal anti-IL-17A antibody, as well as tonsillectomy followed by steroid pulse therapy. IgA nephropathy is a common comorbidity of psoriasis [2] and it usually correlates with the disease activity of psoriasis [8, 9] . Because Gd-IgA1 was not detected, this case was supposed to be a secondary IgA nephropathy [7] . Our patient's case followed a typical course, starting with secondary failure of adalimumab. Psoriasis and secondary IgA nephropathy worsened by changing the dosing interval of secukinumab. We suggest that secukinumab plays an important role in secondary IgA nephropathy accompanied by psoriasis.
The patient was treated with secukinumab, an IL-17A-specific monoclonal antibody, for psoriasis. IL-17A is a key mediator of inflammation in psoriasis and IgA nephropathy. In animal models of crescentic glomerulonephritis, IL-17A-producing γδ T-cells play an important role in inflammatory response in the kidney [10] . γδ T-cells are major producers of IL-17 in inflammatory diseases [11] , including psoriasis [12] , and are associated with progressive IgA nephropathy [13] . We did not confirm infiltration of γδ T-cells or γδ T-cell-produced IL-17A in the biopsy specimen, but secukinumab might play a beneficial effect in the remission of proteinuria.
The patient's nephropathy was more aggravated than his psoriasis. One possible cause was a rapid, worsening weight increase in the last 4 months of his treatment coupled with existing hypertension, which could have exaggerated his kidney disease. The weight gained mainly because he changed his job to a commercial driver with a nighttime shift and the irregular lifestyle might be the cause of metabolic syndrome. He was not treated with oral steroids and did not show the clinical symptoms of endocrine diseases including Cushing's syndrome. It is known that excessive body weight is a risk factor for IgA nephropathy [14] . Therefore, we speculate that obesity has some additional effect on the development of proteinuria during treatment of nephropathy. The other possible cause was secukinumab. However, his nephropathy was improved under the treatment with secukinumab. Thus, we considered that secukinumab had little harmful effect on his nephropathy.
In summary, we present the case of a patient with psoriasis and remission of secondary IgA nephropathy undergoing treatment with secukinumab. Considering the patient's clinical course, it seems plausible that IL-17 modulates the progression of secondary IgA nephropathy. Further clinical and basic research is required for establishing causal relationships between psoriasis and kidney lesions during treatment with biologics.
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